Abstract An evaluation of analytical reagent, 2,6-diacetylpyridine-bis-4-phenyl-3-thiosemicarbazone (2,6-DAPBPTSC) for traces of Zn(II) in foods and environmental samples by the development of a simple, sensitive and selective extractive spectrophotometric method was undertaken. It gave a 1:1(M:L) Zn(II)-2,6-DAPBPTSC yellowish orange colored complex at pH 4.5, was easily extractable into n-butanol and has shown maximum absorbance at 490 nm. It obeys Beer's law in the range of 1.06-13.6 lg mL À1 of Zn(II). The molar absorptivity, Sandell's sensitivity and detection limit were found to be 0.471 · 10 4 L mol À1 cm
Introduction
The heavy metal ions associated with food stuffs are stable (Ana Maria et al., 2011; Kazi et al., 2010a) . This has resulted in increasing concern about the quality of foods in several parts of the world. The natural levels of heavy metals are not harmful to organisms including man. But, higher concentrations cause toxicity resulting in adverse health impacts such as anthropogenic activities in human beings (Moka et al., 2012) . Zinc is an important essential element and its determination has become very important owing to the involvement in some essential metabolic processes (Daniela et al., 2011; Reddy et al., 2002) . It acts as a cofactor in numerous enzymes and plays an important role in protein synthesis and cell division. It exerts a crucial influence on maintenance of cell membrane stability and function of immune system (Kolachi et al., 2011; Kazi et al., 2010b) . One third of zinc in plasma is loosely bound to serum albumins, remains being more firmly attached to a-globulins, with minor fraction complexes in histidine and cysteine (Sarma et al., 2006) .
Zinc is seldom present in copper as an impurity, but it is intentionally added to form a series of industrial alloys. When it is added in concentrations of 5% or less, zinc acts as a deoxidizer. The effect of zinc content on the color of the alloy is also commercially important, because many alloys are used for decorative purposes (Andrade Korn et al., 1990) . Zinc is also present in many alloys, in a number of pharmaceutical samples and in airborne particulates, causing environmental pollution. Concentration of zinc greater than 5.0 mg L À1 which affects the potable water nature in alkaline water (Herrador et al., 1987; Reddy et al., 2007) . The deficiency of zinc leads to retarded growth, lower feed efficiency and inhibition of the general well being. The deficiency of zinc is also causing ulcers and scaling of the skin and health of bones and joints. Children in underdeveloped countries, who are solely deficient in zinc, fail to mature sexually. Less severe zinc deficiency has been linked to a low sperm count and infertility (Sarma et al., 2006) .
For the determination of Zn(II) at trace levels, there are several frequently adopted methods using analytical techniques such as AAS, ICP-OES, ICP-MS, X-ray fluorescence spectroscopy, spectrophotometer, spectrofluorimetry, and others. Among these, spectrophotometric methods are preferred because they are economically cheaper and easier to handle, with comparable sensitivity and accuracy (Chalapathi et al., 2014; Reddy et al., 2007 Reddy et al., , 2008 Reddy et al., , 2009 Reddy et al., , 2010 .
Carbonyl derivatives like hydrazones, thio-and phenylthiosemicarbazones are also used for the spectrophotometric as well as extractive spectrophotometric determination of Zn(II) Reddy et al., 2007) . In the last few years, much interest has been directed toward the use of chelating ligands containing sulfur and nitrogen in analytical studies as well as in structural studies of metal complexes (Chalapathi et al., 2014; Narayana et al., 2012a; Sharma and Singh, 2009 ). Among various organic analytical reagents containing sulfur and nitrogen as donor atoms, thiosemicarbazones occupy a unique place. These reagents function as good chelating agents and form complexes with several metal ions, by bonding through thionate sulfur atom and hydrazino nitrogen atom. In a few cases, they behave as tridentate ligands and form a bond through additional co-ordinating groups depending on the nature of the metal ions. The metal complexes of thiosemicarbazones are also showing a variety of biological activities (Arion et al., 2002; Belicchi-Ferrari et al., 2005; Narayana et al., 2012b; Otero et al., 2006; Patole et al., 2005) . Several authors critically reviewed the utility of thiosemicarbazones as analytical reagents for the metal ions (Chalapathi et al., 2014; Garg and Jain, 1988; Narayana et al., 2012a; Singh and Ishii, 1991) .
The literature survey revealed that a number of thiosemicarbazones are available for the spectrophotometric and extractive spectrophotometric determinations of Zn(II). But many of the thiosemicarbazones are either less sensitive or non-selective (Balaban et al., 2003; Herrador et al., 1987; Konstantinovic et al., 2007; Leyva et al., 1972; Reddy et al., 2007) . It is necessary to develop an alternative sensitive and selective method for the determination of Zn(II). Recently, 2,6-diacetylpyridinebis-4-phenyl-3-thiosemicarbazone (2,6-DAPBPTSC) was used for the determination of Mo(VI), Cd(II), Cu(II) in foods and environmental samples (Reddy et al., 2007 (Reddy et al., , 2009 (Reddy et al., , 2010 . In the present study the reagent 2,6-DAPBPTSC was used as a complexing reagent for traces of Zn to develop a simple, sensitive and selective extractive spectrophotometric method. In the present investigation, we have studied the reactivity of 2,6-DAPBPTSC with Zn(II) and the results are reported in terms of its maximum absorbance, pH, molar absorptivity and stoichiometry, which provides the basis for judging the potential utility of 2,6-DAPBPTSC as an analytical reagent for Zn(II). Finally, the developed method is successfully applied for the determination of Zn(II) in foods and environmental samples. The present method is sensitive and selective in the presence of masking agents compared with other spectrophotometric methods for the determination of Zn(II) ( Table 1) .
Materials and methods

Reagents and solutions
All of the reagents used are of analytical reagent grade, unless otherwise stated here. Buffer Solutions: Solutions of (Vogel, 1961) . The remaining solutions were prepared by appropriate dilutions of the standard. Preparation of 2,6-diacetylpyridinebis-4-phenyl-3-thiosemicarbazone (2,6-DAPBPTSC): 1.60 g of 2,6-diacetylpyridine (Aldrich, Milwaukee, WI, USA) was dissolved in 30 mL of absolute ethanol (Merck, India) and mixed in a roundbottomed flask with 2.20 g of 4-phenyl-3-hiosemicarbazide (Aldrich, Milwaukee, WI, USA) dissolved in 30 mL ethanol. The mixture was heated under reflux for 3 h and then allowed to cool at room temperature and kept for 12 h. The crystals obtained are filtered and washed with cold ethanol and then recrystallized from ethanol (Reddy et al., 2009 (Reddy et al., , 2010 . The melting point was 152°C. 2,6-DAPBPTSC dissolves in N,Ndimethylformamide (DMF), acetone and dimethyl sulfoxide which were purchased from Merck, India. The characterization of 2,6-DAPBPTSC was carried out by IR and 1 H NMR spectroscopy. The IR spectrum of 2,6-DAPBPTSC shows absorption bands around 1485 cm
(C‚N), and 3300 cm À1 (ÀNH).
Instruments
A recording spectrophotometer (Shimadzu 2450, Tokyo, Japan) was employed in photometric studies. A Perkin-Elmer 2380 (Santa Clara, California, USA) atomic absorption spectrophotometer (AAS) was employed for the comparison of the results of samples. A digital pH meter (Elico Li-129, Elico Ltd., Hyderabad, India) was used for measuring the pH of the solutions. A Nicolet FT-IR 560 Magna spectrometer (Thermo Electron Scientific Instruments Corp., Madison, WI, USA) using KBr (neat) is used to obtain the infrared spectrum of the compound (2,6-DAPBPTSC). The Bruker 300 MHz NMR spectrometer (Bruker Corporation, Billerica, MA) is used to obtain the 1 H NMR spectrum of the ligand.
Collection of food samples and preparation of their solution for the determination of Zn(II)
The location of the study, Tirupati is one of the important pilgrim towns in India and is known over the world. All the food samples were purchased from the local market. The food samples were dried in open air to prevent them from mineral concentration using small holes containing net. The dried samples are pulverized to finely powdered particles in a mortar for the analysis of Zn(II). 4.0 g of each powdered sample was taken into a silica crucible, heated to oxidize the organic matter and brought to ashes in a muffle furnace over a period of 4-5 h. The ash was further dissolved by heating with 4.0 mL of hydrochloric acid (2.0 mol L
À1
), filtered through an acid washed filter paper (Whatmann No. 41) and then the residue was once again washed with hot water (Reddy et al., 2007) . The filtrate and washings were collected in a 10.0 mL volumetric flask, shaken with 10.0 mL of n-butanol and acetic acid-sodium acetate buffer of pH 4.5. The organic phase was collected into 25.0 mL standard flask and finally made up to the mark with n-butanol and used for the determination of Zn(II) in food samples at 490 nm. The process was repeated four times for each sample and the results obtained were confirmed by direct AAS.
Preparation of environmental samples for the determination of Zn(II)
Different soil and water samples were collected from around Tirupati. The collected water sample was filtered using a filter paper (Whatman No. 41) and then each filtered water sample was evaporated nearly to dryness with a mixture of 5.0 mL of concentrated H 2 SO 4 and 10.0 mL of concentrated HNO 3 in a fume cupboard and then cooled at room temperature (Kandhro et al., , 2009 Khan et al., 2010; Arain et al., 2008) . In order to dissolve the salts the residue was then heated with 15.0 mL of double distilled water. After cooling the solution neutralized with dilute NH 4 OH solution the obtained solution was filtered into a 25.0 mL standard flask and made up to the mark with double distilled water.
An air dried soil sample (2.0 g) was weighed accurately and placed in a 100 mL Kjeldal flask. The sample was oxidized using an oxidizing agent following the method reported elsewhere Kandhro et al., 2010 Kandhro et al., , 2009 Khan et al., 2010; Arain et al., 2008) . The content of flasks was filtered through a Whatmann No. 41 filter paper and neutralized with ammonia. Appropriate aliquot of the solution was transferred into a 25.0 mL standard flask and analyzed for Zn(II) content according to the recommended procedure.
Preparation of certified reference material solutions for the determination of Zn(II)
About 0.1 g of each sample was dissolved in 10 mL of aquaregia. They were heated to near dryness and the nitrate was expelled from the residue, using 10.0 mL of concentrated hydrochloric acid. Each residue was extracted into double distilled water separately and made up to 25 mL in volumetric flasks.
Developed general analytical procedure for the determination of Zn(II)
To an aliquot of a working standard solution containing 1.0 · 10 À5 to 15.0 · 10 À5 mol L À1 Zn(II) is added pH 4.5 buffer (2.0 mL), reagent solution (1.0 mL of 1.0 · 10 À3 mol L À1 ). To this organic and aqueous mixture n-butanol (4.0 mL) is added, shaken for 2 min and allowed to stand for a few minutes and the same was done twice for each sample. The organic phases are collected and made up to 25 mL with n-butanol, while its absorbance is measured at 490 nm, against the reagent blank. The standard deviation (S), relative standard deviation (RSD), Student F-test and T-test were performed for the statistical evaluation of obtained results.
Results and discussion
2,6-DAPBPTSC forms a 1:1 (M:L) yellowish orange colored complex with Zn(II), which is extracted into n-butanol, from sodium acetate-acetic acid buffer (pH 4.5). The yellowish orange Zn(II)-2,6-DAPBPTSC complex has a maximum absor-bance at 490 nm and is stable for 46 h. The conditions for effective extraction are established after studying the effects of various factors such as pH, reagent concentration, metal ion concentration and influence of diverse ions, in order to develop a sensitive, selective and extractive spectrophotometric method for the determination of Zn(II) at trace levels.
Absorption spectra of reagent and Zn(II)-2,6-DAPBPTSC complex
The absorption spectrum of Zn(II)-2,6-DAPBPTSC complex was recorded against the reagent blank. Similarly the absorption spectrum of the reagent (2,6-DAPBPTSC) was recorded against the solvent blank. The absorption spectra of both the complex and reagent are shown in Fig. 1 . From the absorption spectra it is clear that the complex and reagent have shown maximum absorptions at 490 nm and 360 nm, respectively. The reagent has a minimum absorbance at the maximum absorbance of the complex, and the reagent does not interfere with the determination of Zn(II). Hence, further absorbance measurements of the complex were recorded at 490 nm.
Effect of pH
To arrive at the optimum pH required for maximum color development, the effect of pH on the color intensity was studied. In each case, a mixture containing 1.0 mL of 1.0 · 10 À4 mol L À1 Zn(II), 2.0 mL of suitable buffer and 1.0 mL of 1.0 · 10 À3 mol L À1 2,6-DAPBPTSC solution was taken and the aqueous phase was adjusted to 10.0 mL with double distilled water. It was shaken with 10.0 mL of portion of n-butanol for 1 min. The organic phase was collected into a 25 mL of standard flask and made up to the mark with nbutanol. The same procedure was applied for buffers of different pH values, ranging from 1.0-6.5. The absorbances were measured at 490 nm, using their corresponding reagent blanks. A plot was executed between the pH and the absorbance, and the same was represented in Fig. 2 . The plot shows that there is maximum absorbance and constancy in the pH range 4.0-5.0 Hence, pH 4.5 is chosen for further studies, considering this as an optimum pH.
Effect of solvents
The effect of various solvents such as isoamylalcohol, cyclohexanol, chloroform, toluene, benzene, n-butanol, carbontetrachloride, ethyl acetate, butyl acetate, xylene, tributyl phosphate, n-propyl alcohol and methylisobutylketone on the extraction of Zn(II) with 2,6-DAPBPTSC was studied adopting the procedure for registering the effect of solvent. Among the various solvents studied, n-butanol is selected as the suitable solvent, because of the maximum absorbance of metal complex resulting from its greater extraction ability.
Applicability of Beer's law
Various aliquots containing different amounts of Zn(II) ranging from 1.0 · 10 À5 to15.0 · 10 À5 mol L À1 (1.36-20.40 ppm), 2.0 mL of pH 4.5 buffer and 1.0 mL of 2,6-DAPBPTSC reagent (10.0 · 10 À4 mol L À1 ) solution were taken and their volumes adjusted to 10.0 mL with double distilled water. The aqueous phases were shaken with n-butanol in each case and the organic phases were collected into 25 mL standard flasks. The organic phases were made up to the mark with n-butanol. The absorbance of all the solutions was recorded at 490 nm, against their corresponding reagent blanks. A graph was plotted between the amount of Zn(II) and its absorbance (Fig. 3) . It can be observed from the graph that a linear plot passing through the origin obeys Beer's law in the concentration range 1.06-13.60 lg mL À1 of Zn(II). The molar absorptivity of the complex is calculated and noted as 0.471 · 10 4 L mol À1 cm
À1
and Sandell's sensitivity of the complex is 0.0138 lg cm
À2
. The correlation coefficient value of the Zn(II)-2,6-DAP-BPTSC complex, with an independent variable as concentration in lg mL À1 and a dependent variable as absorbance, is found to be 0.985. This indicates a satisfactory linearity between the two variables.
Ringbom's plot for Zn(II)-2,6-DAPBPTSC complex
Ringbom's plot is a standard adopted to know the optimum range of the concentration for a system, which emaciates Beer's law. The plot is drawn between log C of Zn(II) and . The slope of the plot from Fig. 4 is 0.666. Based on this value at 1% photometric error, the ratio between the relative error in concentration and the photometric error is 3.457. Hence, the relative error in concentration is 0.034.
Precision, accuracy and detection limit of the method
To assess the precision and accuracy of the method, determinations were carried out for a set of five measurements, with different concentrations of Zn(II), under optimum conditions. The resulted data indicated that the standard deviation of the method was not more than 0.001 and the relative standard deviation was less than 0.697%. It is evident from these results, that the method is precise, besides being accurate. The detection limit is determined as the amount of Zn(II) corresponding to three times the standard deviation of the blank values and a value of 0.0081 lg L À1 is obtained.
Determination of the composition of Zn(II)-2,6-DAPBPTSC complex
Job's method of continuous variation, molar ratio method and Asmus' method were employed to elucidate the composition of the complex. ; pH = 4.5 and k max = 490 nm.
Zinc determination in foods and environmental sample S275 used to determine the metal ligand ratio. The absorbances of the solutions were recorded at 490 nm against their respective reagent blanks. A plot (Fig. 6) is drawn between the absorbance and the concentration of the reagent. From the obtained curve, it is confirmed that one mole of Zn(II) complexes with one mole of 2,6-DAPBPTSC. For Asmus' method the data obtained from the molar ratio method was used. 1/m values (where 'm' is extinction modulus) were calculated by dividing the optical density with the cell width, along with 1/V, 1/V 2 and 1/V 3 . The plots between 1/m and 1/V, 1/V 2 and 1/V 3 are indicated in Fig. 7 . Among the plots between 1/m and 1/V, 1/V 2 and 1/V 3 , the only plot between 1/m and 1/V is linear indicating that the composition of the complex is 1:1 (M:L).
Calculation of instability constant of Zn(II)-2,6-DAPBPTSC complex
The instability constant of Zn(II)-2,6-DAPBPTSC complex was calculated by using Asmus' method. The absorbance values were obtained at 490 nm for the solutions containing fixed volumes of Zn(II) (1.0 mL of 1.0 · 10 À3 mol L À1 ) and 2.0 mL of pH 4.5 buffer with different known volumes of 0.25-2.0 mL of 1.0 · 10 À3 mol L À1 of 2,6-DAPBPTSC. The instability constant of Zn(II)-2,6-DAPBPTSC complex is calculated to be 1.149 · 10 À3 at room temperature.
Effect of foreign ions on extraction of Zn(II)-2,6-DAPBPTSC complex
Interference of a number of cations and anions was studied on the color absorbance of the Zn(II)-2,6-DAPBPTSC complex.
A change in absorbance of ±0.0025 was taken as the tolerance limit of interference ions. In respect of some interfering ions, an increased tolerance limit is achieved by the addition of masking agents such as thiosulfate, citrate, acetate and tartate.
Increasing the amount of masking agents proportionately could mask a higher amount of interfering ions. In this study, cations like As ( ; pH = 4.5 and k max = 490 nm. Table 2 Effect of foreign ions on the extraction of Zn(II)-2,6-DAPBPTSC complex.
Tolerance limit, lg mL . The interference of Cu(II) can be eliminated by using 1.0 mL 0.2% thiosulfate as a masking agent. Fe(II) and Fe(III) are masked with 1.0 mL of 3% of sodium fluoride. The interference of Cd(II) and Pd(II) can be eliminated by using 1.0 mL of 0.5% of citrate solution. The interference of Co(II) and Ni(II) can be eliminated by using 1.0 mL 0.2% thiocyanate as a masking agent. Anions like, bromide, chloride, fluoride, thiosulfate and thiourea do not interfere when present up to 3500 lg mL
À1
, with the determination of zinc(II) in the method. Oxalate and phosphate interfere, even present at trace amounts. These results are given in Table 2 .
Applications
The developed extractive spectrophotometric method for Zn(II) was applied for its determination in real samples such as vegetable (foods), soil, water and standard alloy samples.
Determination of Zn(II) in foods
The foods like kakara (Monordica charantia), vepaku (Azadirachta india), neredu (Syzygium cumini), Chinta, Totakura, Potato and elikachivi yaku (Merramia quinquefolia) samples were analyzed for Zn(II) using the proposed method. The content of the Zn(II) present in the solution was determined by using a calibrated plot and results obtained were confirmed by the direct atomic absorption spectrophotometer.
The data obtained in the analysis of food samples are given in Table 3 .
Determination of Zn(II) in environmental samples
The aliquot of environmental samples was analyzed for Zn(II) using 2,6-DAPBPTSC adopting the recommended procedure. The amount of Zn(II) present in the samples were computed from the calibrated plot. These results were then compared with AAS and the values are shown in Table 4 .
Determination of Zn(II) in certified reference materials
The present method was applied for the determination of Zn(II) in certified reference materials, such as Tomato leaves (NIST 1573), Citrus leaves (NBS 1572) and Whole milk powder (NIST SRM 8435). The results are presented in Table 5 . The resulted data indicated that the proposed method was more accurate and suitable for the determination of Zn(II) in various samples.
Conclusions
The survey of the literature reveals that many thiosemicarbazones and few phenyl thiosemicarbazones are utilized for the determination of Zn(II). Studies upon the use of 2,6-DAPBPTSC as an analytical reagent are however limited. The present investigations were carried out in view to test the potentiality of 2,6-DAPBPTSC as a complexing agent for traces of Zn(II) and its subsequent determination by the extractive spectrophotometric method. When comparing the reported methods, the present method was more sensitive and selective for the determination of Zn(II) in the presence of associated metal ions. The selectivity of this method was enhanced by using masking agents for Ni(II), Pd(II), Mo(VI), Cu(II), Cd(II), Fe(III) and Co(II). Finally, it is established that this method is suitable for the determination of Zn(II) in foods and environmental samples.
